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[57] ABSTRACT 

Circuit for calculation of values of membership functions in 
a controller operating with fuzxy logic procedures. The 
membership functions are of triangular or trapezoidal form 
and arc defined in a so-called discourse universe discTeti?,ed 
in a finite number of points. The controller includes a central 
control unit equipped with a memory section for storage of 
said membership functions, a microprocessor, and an inicr- 
facc. The membership functions arc stored by means of a 
codification of the coordinate of the vertex and the slopes at 
the sides of the verlcjt. The circuit includes a calculator 
connected to the memory section, the microprocessor, and 
the interface, to determine the value of each membership 
functions at each point of the discourse universe using the 
stored vertex and slopes. 

34 Claims, 9 Drawing Sheets 
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CIRCUIT FOR COMPUTING MEMBERSHIP 
FUNCTION VALUES IN A FUZZY LOGIC 
CONTROLLER 

BACKGROUND OF THE INVENTION 5 

1 . Reld of Invention 

The present invention relates to a circuit for calculation of 
values for membership functions in an electronic controller 
operating with fuzzy logic procedures. iq 

Specifically the present invention relates to a circuit for 
calculation of values of membership functions of triangular 
or trapezoidal form and defined in a so-called discourse 
universe discretized in a finite number of points. The con- 
troller includes a central control unit equipped with a is 
memory section for storage of said membership functions, 
and connected to a miciDprocessor which is conneaed to an 
interface. 

2. Discussion of the Related Art 

Fuzzy logic is now accepted as a technique capable of ^ 
supplying sotuu'ons for a broad range of control problems 
for which the conventional techniques, e.g. those based on 
Boolean logic, have proven unsuiuble for providing accept- 
able performance at acceptable cost. 

Fuzzy logic provides a method for modelling 'approxi- 
mate' modes of reasoning typical of the human mind and 
which play a basic role in the human ability to make 
decisions under conditions of uncertainly. 

Fuzzy logic operates on a linguistic description of reality 30 
using a particular class of variables termed linguistic vari- 
ables. The value of these variables consists e.g. of words or 
phrases of any natural or artificial language. Basically, to 
each variable is assigned a corresponding semantic meaning 
of the words or phrases which are used in modelling of a 35 
given problem. 

In addition, with each variable can be syntactically com- 
bined a group of values dependent on it which can lake on 
different meanings depending on the content in which they 
arc employed. These values are obtained starting from a 40 
primary term representing the variable, from its contrary, 
and from a scries of so-called modifiers of the primary term. 
Such a system is described in European patent application 
no. 92830095.3. 

Each value assigned to a linguistic variable is represented 
also by a so-called fuzzy set, i.e. a possibilistic disuibulion 
function which links each value of the variable in the 
corresponding definition domain, known also as discourse 
universe. 

The functions which identify a fuzzy set in the discourse * 
universe of a variable arc termed membership functions 
f(m). For example, a value f(m)=0 indicates nonmembership 
of the point m in the fuzzy set identified by the function f 
whereas value f(m)=l indicates the certainty of the mem- 
bership of m in the fuzzy set. The entirety of all the fuzzy 
sets of a linguistic variable is \crmed *ierm set*. 

For the membership functions two different types of 
representation arc possible, analytical and vectorial. The 
former is a function of the definition domain and allows ^ 
performing a so-called mapping of said domain in a range of 
values between 0 and 1. 

The second type consists of a vectorial sample represen- 
tation of the membership fimction obtained by dividing the 
definition domain in m points and the range |0, I ] in 1 levels, 

Thanks to calculation devices operating in accordance 
with a reality representation and modelling methodology 
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based on fuzzy logic it has become possible to treat ana- 
lytically in a manner much closer to human reasoning purely 
abstract concepts. 

To obtain a salisfaclory result it is however of basic 
importance thai the memb«nhip function of the fuzzy sets 
be sufficiently and correctly defined in the control device. 
Indeed, the more said definition reflects the semantics of the 
fiiza^ concept the more the incidence of a term in a rule will 
be correct and consequently also the value output by the 
electronic controller operating with fuzzy procedures will 
reflect reality. 

At present, the definition or memorization in an electronic 
controller based on the fuzzy logic of the membership 
functions which identify the fuzzy sets represents one of the 
major constraints on the development of new fuzzy logic 
applications, thus limiting the theorctica) potentials of this 
methodology. 

Indeed, if for the implementation on hardware of the 
membership functions it is desired that said functions 
respect the semantics of the fuzzy concept so as to obtain a 
correct incidence of a term in a rule, one is forced to use a 
considerable space in the memory. This makes fuzzy logic 
advantageous only for those applications where the term set 
of the linguistic variable consists of a small number of 
membership functions. 

The data for a membership function are nonnally stored 
in a memory word. In known devices, the memory area 
occupied is thus ncgau vcly influenced by the number of data 
Tteccssary to define these membership functions. In many 
cases it has proven sufficient to store triangular or trapezoi- 
dal membership functions, so as to reduce the amount of 
data necessary for their storage. 

With these triangular or uapezoid membership functions, 
it is not necessary to store all values of the function at alt the 
points of the discourse universe since only the points where 
the curve changes slope and the value of this slope arc 
Significant. 

In the description below we shall call 'significant value 
storage' a storage of the membership functions by means of 
values of its slopes and of the coordinates of the points 
where said slopes change value. 

The saving of memory area by storage of significant 
values requires a subsequent iccon&truction of the individual 
values of the membership functions necessary for applica- 
tion of the rules of inference which control the fuzzy logic 
process through computing means dedicated to this purpose. 

The technical problem underiying the present invention is 
to provide a digital circuit which would permit reconstruc- 
tion of the value of a given membership fimction stored as 
significant values at a predetermined input value belonging 
to the discourse universe. "Riis allows use of storage of 
significant values of the membership functions and hence a 
considerable saving of memory exceeding the shortcomings 
which still limit the known solutions. 

SUMMARY OF THE INVENTION 

The present invention provides a circuit in a controller 
operating with fuzzy logic which rcconstruas the desired 
value of a membership function stored as significant values 
at each point of the discourse universe U. The circuit 
includes a number of calculation sections for determining a 
difference between a vertex and an input, a difference 
between a miximum value and a membership function 
value, and the desired value. A microprocessor is connected 
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10 (he memory lo seleci a membership function. TTic ctrniil 
may also include a number of sub-blocks Tor parallel pro- 
cessing of various desired values. 

BRIEF DESCRJPnON OF THE DRAWINGS 5 

RG. 1 shows schemaiically a possible membership func- 
tion used in a fuzzy archiiecture. 

RG. 2 shows a possible term set of membciship functions 
FA storable as significanl values. ]q 

RG. 3 shows the stniclure of a memory word containing 
logical information which codifies one of the membership 
functions FA of RG. 2 stored as significant values. 

FIG. 4 shows a general schematic view of a fuzzy 
coniroller in accordartce with the known an. '5 

FIG. 5 shows schematically a calculation circuit in accor- 
dance with the present invention. 

FIG. 6 shows schematically the internal structure of a 
detail of the circuit of RG. 5. 

FIG. 7 shows schematically the structure of a detail of the 
structure of RG. 6. 

FIGS. 8A and 8B show graphically examples of calcula- 
tions provided by means of the circuit in accordance with the 
present invention. 25 

RG. 9 shows schematically another detail of a circuit in 
accordance with the present invention. 



DETAILED DESCRIPTION 
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With reference to the figures, RG. 1 shows amcmbCTship 
function indicated by FA of a linguistic or logical variable M 
represented through a vectorial system. Along the axis of the 
abscissa is the so-called discourse universe U and along the 
axis of the ordinates is the degree of truth or membership G. 35 

In this particular case, the discourse universe U and the 
degree of membership 0 are discretizcd in one hundred 
iwcnty-ctghi points m and thirty-two levels or values L 
respectively. 

The term set of RG. 2 is made up of four membership 
functions FA,- which identify in the discourse universe U as 
many fuzzy sets. 

In FIG. 2 the membership functions FA arc numbered 
with the indices i from one to four increasing from left to 
right 

li is possible to define completely each triangular mem- 
bership function (or trapezoid at the edges of the discourse 
universe U) as shown in FIG. 2 by means of the coordinates 
of their vertex V and the value of the left and right slopes 5^ 
compared with a vertex V of iheir chart. 

This type of digital storage as significant values allows 
minimization of the amount of memory required for imple- 
mentation on hardware of the membership functions. A 
memory word thus has the structure of FIG. 3. A first portion 55 
of memory comprises nbp bits which memorize a logic or 
digital value corresponding to the left side slope, a second 
and adjacent portion comprises nbv biu which memorize the 
coordinate of the vertex V (a number of bits equal to that 
necessary to code ihc number of Icveb in which is divided ^ 
the discourse universe U) and a third and tcrminaj portion 
comprises nbp bits which memorize the value of the slope of 
the right side. 

Advantageously in accordance with this storage as sig- 
nificanl values, the value of the nbp bits which memorize the 65 
right and left slopes of the membership function PA depend 
on the value of a flag, referred to as 'inclination type'. 



If the value of the flag is zero, nbp bits in the memory 
word indicate the number of vertical levels by which the 
membership function FA decreases for each unitary hori- 
zontal increase starting from the coordinate of the 'vertex*. 

For example, a binary value of 3 indicates that the 
membership function at the point of the discourse universe 
which follows the vertex coordinate has a height three levels 
below that of the vertex. 

vice versa, if the value of the flag is one, nbp bits of the 
memory word indicate how many points of the discourse 
universe correspond to a unit decrease of the membership 
function in relation to the vertex height. In the term set of 
FIG. 2 arc shown the values of the positions of the vertices 
and the transformations in binary code of the slopes of the 
sides. In case of trapezoid membership functions FA the 
vertex indicates the point of the discourse universe U at 
which the membership function FA changes slope. 

This storage method of significant values of the member- 
ship fuitctions FA permits implementation of a fuzzy archi- 
tecmre using extremely small memory devices. On the other 
hand there are no longer available the levels of truth corre- 
sponding to all the points of the discourse universe U. 

With reference to RG. 4, I indicates as a whole and 
schematically an electronic control device operating with 
fuzzy logic and provided in accordance with the known art. 
Said controller 1 is basically a machine which receives at 
input signals for physical control variables, e.g. analog or 
digital signals coming from sensors, and executes predeter- 
mined fuzzy logic inference operations outputting certain 
control signals. 

For this purpose the controller 1 comprises an input or a 
plurality of inputs IN and an output or a plurality of outputs 
OUT. 

The system it is intended to control, not shown in the 
figures, sends to the input IN of the electronic controller 1 
signals for the physical control variables. Each input IN 
leads to a conrcsponding converter device (fuzzyficr) 2 
capable of converting an input signal into a fuzzy logic 
datum, i.e. a so-called membership function FA. The con- 
troller 1 also comprises a central control unit 3 in which are 
stored the membership functions FA of the fuzzy logic and 
in which is also performed the fuzzy logic computation. 

Specifically said central control unit 3 has a section of 
memory 5 (antecedent memory — ADM) for storing the 
values for the membership functions FA which appear only 
in the left, or anleccdent, part of the fuzzy inference rules, 
and a section of memory 7 (consequent memory — COM) 
which contains the data for the membership functions FA 
which appear only in the right, or consequent, part of said 
fuzzy rules. 

Between the two memory sections 5 and 7 is provided a 
calculation section 6 for performance of the fuzzy logic 
inference operations. 

The architecture of the controller 1 is completed by a 
conversion device 4 (defuzzyficr) to which is assigned the 
task of supplying an adequate iiUerface between the con- 
troller 1 and the extcnial worid. 

In case of storage of significanl values of the membership 
functions FA in this control unit 3, there must be inserted 
also a circuit 8 in accordance with the present invention to 
which is assigned the task of calculating the degree of truth 
of a given input value I, i.c. the value of the membership 
function FA at lhai certain value. 

In RG. 5. 8 indicates as a whole a circuit which performs 
calculation of these values FACI). 
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In the circuit 8 a microprocessor 9 is connccied through 
a bus 10 to the memory 5 to which it supplies information 
AD, concerning the membership function FA to be selected. 

Advantageously in accordance with the prcscnl invention 
the microprocessor 9 is also connected to a calculator 11 to ^ 
which it supplies through bus 12 a flog IT, of the type for 
codification of the slope of the sides of said function. 

Said calculator 11 also receives a signal through bus 14 
from an interface 13 which is m tuni connected through bus 
15 to the microprocessor 9 which supplies to said interface '° 
13 the input codes CI^. 

In addition, the memoiy 5 supplies through bus 18 to the 
calculator 11 the selected membership function FA^ 

A program memory PM outside the circuit 8 and not 15 
shown in FIG. 5 supplies to the interface 13 the value I of 
the input through a bus 16 and to the calculator 11 the 
maximum number of truth levels MAX through a bus 17. 

The program memory PM contains the microprocessor 9 
necessary for calculation of the fuzzy controller outputs. 20 

On the basis of the data received the calculator 11 supplies 
through the bus 19 the value of the selected membership 
function FA ai a predetermined poim of the discourse 
universe U coded as the input value I. 

RG. 6 shows in greater detail the structure of the calcu- ^ 
lator 11 which comprises N equal sub-blocks 20, N being the 
degree of parallelism used for calculation of the values a. In 
the example of FIG. 6, N equals four. 

Each sub-block 20 receives ai its input: ^ 

a memory word containing the representation for signifl- 
cant values of the membership function FA^ contained 
in the memory 5 and corresponding to the code AD^ 
supplied to the memory 5 by the microprocessor 9, 

an input value I,- belonging to the discourse universe U a! 35 
which it is desired to take the value a, of the selected 
membership function, 

a flag IT, to indicate the type of coding the user wishes to 
use for the right and left slopes of the membership 
hmction. and ^ 

the maximum number of truth levels. 

The output of e sub-block 20 is the sought value a of the 
selected membership function. 

The internal structure of a generic sub-block 20 is shown 
in FIG. 7, It comprises a first comparator-subu^tor block 21 
in absolute value. 

The comparator-subtractor block 21 receives at its input 
through the bus 14 a value I corresponding to a selected 
poim in the discourse universe U as wel) as the binary code 
FA_.V of the coordinate of the vertex V of the membership ^ 
function FA through the bus 18. 

This comparator-sublractor block 21 supplies at its output 
flags EQ and DS and a binary value Dx equal to the 
difference in absolute value between the coordinate of the 
venex V and the point I of the universe. 

This value Dx is input through bus 22 to a second 
multiplier-divider block 25. 

This multiplier-divider block 25 also receives: 

the flag DS through a bus 23, ^ 

the coded values FA_PD and FA_PS for the right and 
left slopes of the membership function FA through the 
bus 18, and 

the flag IT through the bus 12. 
The multiplier-divider block 25 is connected through a bus 65 
26 \a another comparHtor- sub tractor block 27. The bus 26 
carries a binary value Dy equal to the difTcrcncc between the 
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height of the vertex MAX and the value a of the member- 
ship function FA at the input value I. 

The comparaior-subirsctor block 27 receives the value 
MAX through the bus 17 and outputs a value a' through a 
bus 28 and a flag NL through a bus 29. 

The sub-block 20 comprises a last selector block 30 which 
receives the flags EQ and NL as well as the value a' and, 
based thereon, supplies the desired value a. 

Advantageously in accordance with the prcscnl invention 
the circuit 1 comprises an interface block 13 with the 
exterior shown in FIG. 9. 

Said interface block 13 comprises a first decoding clement 
31 which receives at its input the signals CI, through the 
busses 15. 

The decoding element 31 tfansfomis the signals Cl^nto 
the value 1, of the coordinates of the input points in the 
discourse univcr^ U and transmits them through another 
bus 32 to another memory 33. 

The memory 33 stores the values 1 of all the input 
variables and supplies them to the calculator 11 in an order 
depending on the fuzzy rules. 

We shall now discuss operation of the circuit in accor- 
dance with the present invention with particular reference to 
FIG. 7. 

The binary value I of the coordinate of the input point 
present on the bus 14 is compared in the comparator- 
subtractor block 21 with the value FA_V of the coordinate 
of the vertex V in the discourse univcnc U of the selected 
membership function FA. 

If the position FA_V of the vertex V is greater than the 
value 1 the flag DS is set at logic value 0 but otherwise it is 
set at I. 

This flag DS thus indicates whether it is necessary 10 
consider the data for the right or left part of the membership 
function FA selecting also the correa flag IT. 

If the value I is at said vertex V or in a zone of the 
membership function FA in which it has a horixontal trend 
equal to the value MAX of the vertex, e.g. if the membership 
function FA is trapezoid, the flag EQ is set at logic value 1 
but otherwise it is set at 0. 

In this comparator-subtractor block 21 is also calculated 
the module Dx of the difference between the coordinate FA 
V of the vertex and the value I which is also shown on the 
graph of FIG. 1. 

The multiplier-divider block 25 performs the calculation 
of the value Dy, i.e. the difference between the height FA„ V 
of the vertex V and the membership function FA at the value 
I. 

On the basis of the value of the flag DS. the multiplier- 
divider block 25 chooses one of the two values IT presem on 
the bus 12 and read from the microprocessor 9 memory. 

On the basis of the value of IT the multiplier-divider block 
25 performs and outputs on the bus 26 the value Dy given 
by the product or division between the value Dx received at 
input through the bus 22 and the slope P (FA_ PD or FA_.PS 
present on the bus 18). 

In particular: 

if the flag n* is equal to the value 0 the muliipIier-divideT 
block 25 calculates: 

Dr=Dx*P 

if the flag IT is equal to the value 1 the multiplier-divider 
blod( 25 calculates: 

Dy=Di/P 

The value Dy thus obtained is sent in input to the 
comparator-subtractor block 27 through the bus 26; this 
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comparalor-subiractor block 27 also receives as an input ihe 
value MAX of ihe height of the vertex V through the bus 17. 
If Dy i$ less than MAX the comparaior-sublracior block 

27 performs subtraction between the value Dy calculated in 
the multiplier-divider block 25 and the value MAX and 5 
outputs said value a' on the bus 28. 

If Dy is greater than MAX the comparator- subtraaor 
block 27 sets the flag NL equal to 0. This flag NL thus 
indicates whether the value I is in a zone where the mem- 
bership function FA has value null. 

The selector block 30 receives the value a' along the bus 

28 as well as the value of the flags NL and EQ through the 
busses 29 and 24 respectively. 

The output a of said selector block 30 is selected on the 
basis of the following rale: 

if EQ is equal to aero and Sh is also equal to zero the 

output a coincides with the value a : 
if EQ is equal to one and NL is equal to zero the output 

a coincides with the value MAX; 
if EQ a is equal to zero and NL is equal to one the output 20 
a is set at zero. 
This rule can be summarized in accordance with the fol- 
lowing chart: 



EQ 


NL 


a 


0 


0 


a' 


1 


0 


MAX 


0 


I 


0 



2i 



in FIGS. 8A and 8B are illustrated graphically the calcu- 
lations performed by the circuit in accordance with the 
present invention in two embodiments. 

The embodiments show how the result of said calcula- 
tions is correct both in the case of input points corresponding 35 
to a coordinate to the right of that of the vertex and in the 
case of input points corresponding to a coordinate to the left 
of that of the vertex on the axis of the discourse universe U. 

Advantageously in accordance with the present invention 
the interface block 13 receives and stores the values i of the 40 
inputs of the controller i and supplies them to the calculator 
11 in an order depending on the fuzzy rules. 

The input interface block 13 serves to speed up substan- 
tially The operation of the antecedent part of the fuzzy 
control Icr. 45 

The interface block 13 receives the input values one at 
a time and stores their value after having decoded it by 
means of the decoding element 31 for the entire period of 
time necessary to obtain the outputs of the controller 1. 

In the calculation phase, on the basis of the binary code 50 
I coming from the program memory PM the interface block 

13 supplies to the calculator 11 the input values II, 12, 13 and 

14 which arc to be processed. 

The same code I is sent to the memory 5 to select the 
memory words for those inputs. 53 

The degree of parallelism in the calculator block 11 being 
equal to four, the decoding clement 31 must address through 
the bus 32 the four input variables to be sent to the rcspeaivc 
sub-blocks 20. This operation takes place on the basis of the 
signals CI, which arc associated with the four inputs 1, on the go 
basis of the fuzzy rules. 

In the program memory PM a memory word thus com- 
prises: 

a first portion of dimensions nbi bits which contains the 
binary value CI, of an input variable and is used to 65 
select the input variable through the decoding clement 
31, 
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a second portion of dimensions nbf bits which contains 
the address AD^ of the memory word in which is stored 
the membership function FA to be associated with the 
input identified by the nbi bits and is used together with 
the binary value CI, 10 select the membership function 
FA to be compared with the input, and 

a third portion of dimensions obc bits which contains the 
value of the selectors IT for the right and left parts of 
the membership function FA (nbc=2) and is used for 
control of the calculator block 11. The overall size of 
the memory word is equal to: 

word dimensions=nbi+nbf+nbc 

in the example considered there arc at most eight input 
variables (nbi=3) and each of these can have a maximum of 
eight membership functions FA (nbf=3); for a parallelism 
(N) equal to four in the computation of the values there are 
required: 

If the specifications for the aniecedent memory part 
changes these magnitudes vary consequently. 

Having thus described at least one illustrative embodi- 
ment of the invention, various alterations, modifications, and 
improvements will readily occur to those skilled in the an. 
Such alterations, modifications, and improvements are 
intended to be within the spirit and scope of the invention. 
Accordingly, the foregoing description is by way of example 
only and is not intended as limiting. The invention is limited 
only as defined in the following claims and the equivalents 
thereto. 

What is claimed is: 

1. Circuit for calculation of values of membership func- 
tions in a conUToller operating with fuzzy logic prooedures, 
said membership functions being of triangular or trapezoidal 
form and defined in a so-called discourse universe dis- 
crctized in a finite number of points and being codified by a 
coordinate of the vertex and slopes at the sides of the veirex, 
said circuit comprising: 

a central conuol unit including: 

a memory section for storing of a vertex and at least one 

slope of each of said membership functions, 
a microprocessor for selecting one of said membership 

functions; and 

an interface for selecting a point of the discourse universe 
corresponding to the selected membership function; 
and 

a calculator for determining the value of the selected 
membership function at the selected point of the dis- 
course universe based upon a votcx and at least one 
slope for the selected membership function stored in 
said memory section. 

2. A circuit in accordance with claim 1, further comprising 
a program memory connected to said calculator to provide 
a maximum value for the selected membership function. 

3. A circuit in accordance with claim 2, further comprising 
at least one bus between said microprocessor and said 
interface for transferring a plurality of binary codes which 
represent points in the discourse universe corresponding lo 
values of inputs. 

4. A circuit in accordance with claim 2, further comprising 
at least one bus between said interface and said calculator for 
transferring an input value belonging to the discourse uni- 
verse for determining the membership function value. 

5. A circuit in accordance with claim 2, further comprising 
at least one bus between said microprocessor and said 
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calculator for transfemng a value of a slope type selector, 
wherein said calculator (kicrmincs the value of Uic selected 
membership function based upon the slope type selector. 

6. A circuit in accordance with 2, wherein said calculator 
provides an output of a binary value of the membership 5 
function at the input value. 

7. A circuit in accordance with claim 2, wherein said 
calculator includes a plurality of parallel sub-blocks each 
determining a value of a dififereni membership function. 

8. A circuit in accordance with claim 7, wherein each 
sub-block includes; 

a first comparator- sublractor block; 

a second comparator-subtractor block connected to the 
first comparator-subtractor block; 

a third comparator-subtractor block connected to said is 
second comparator-subiracior block; and 

a selector block connected to said third comparator- 
subtractor block. 

9. A circuit in accordance with claim 8, wherein said first 
comparator-subtractor block determines a value of a differ- 20 
encc (Dx) between a value of a vertex coordiniUc received 
from said memory section and the input value received from 
said interface. 

10. A circuit in accordance with claim 8, wherein said 
second comparaior-subtraclor block determines a value of 25 
the difference (Dy) between the height of a vertex and an 
ordinate of a membership function based upon a value 
difference received from said first comparator-subtractor 
block, a slope received from said memory section, and a 
slope type received from said microprocessor. 3Q 

11. A circuit in accordance with claim 8, wherein said 
third comparator-subtractor block determines a difference 
between a value difference received from said second com- 
parator-subtractor and a maximum value received from said 
program memory. 35 

12. A circuit in accordance with claim 8, wherein said 
selector block determines a height of the membership func- 
tion at the input value based upon a difference received from 
said third comparator-subtractor block. 

13. A circuit in accordance with claim 1, wherein said 40 
interface includes: 

means for receiving and converting codes corresponding 
to input data, 

a memory storing binary values of the input data, and 
means for supplying said binary values corresponding to 
selected mcmbenhip functions to said calculator in an 
order which depends on fuzzy logic rules. 

14. A circuit for determining a value of a membership 
function based upon a vertex, a slope vahie. a slope type, an 
input, and a maximum value, said circuit comprising: 

a first calculator for determining a first difference between 

said vertex and said input; 
a second calculator for determining a second difference 

based upon said slope value, said slope type, and said 33 

fini difference; 
a third calculator for determining said value based upon 

said second difference and said maximum value. 

15. A circuit according to claim 14, wherein said first 
calculator includes a comparator-subtractor. 60 

16. A circuit according to claim 14, wherein said second 
calculator includes means for receiving a first and second 
slope, said second slope having a different magnitude than 
said first slope, and means for selecting one of said first and 
second slope as said slope. 65 

17. A circuit according to claim 16, wherein said first 
calculator outputs a signal indicative of whether said input 
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is greater or less than said vertex, and wherein said selecting 
means selects said first and second slope based upon said 
signal. 

18. A circuit according to claim 14, wherein said second 
calculator includes a mulliplicr-dividcf. 

19. A circuit according to claim 14, wherein said second 
calculator includes means for receiving a slope type signal, 
and wherein said second calculator determines said second 
difference in a first manner or a second manner based upon 
said slope type signal. 

20. A circuit according to claim 14. wherein said third 
calculator includes a calculation portion and a selection 
portion. 

21. A circuit according to claim 20, wherein calculation 
portion determines a third difference between said maximum 
value and said second difference. 

22. A circuit according to claim 21, wherein said selection 
portion selects one of said third difference, zero or said 
maximum value as said value of said membership funcdon. 

23. A circuit according to claim 22, wherein said calcu- 
lation pordon outputs a null signal if said third difference is 
less than zero, and wherein said selection portion selects 
zero if said null signal is oulpulted. 

24. A circuit according to claim 22, wherein said first 
calculator outputs an equal signal if said vertex is equal to 
said input, and wherein said selection portion selects said 
maximum value if said equal signal is output 

25. A circuit according to claim 14, further comprising: 
a memory for storing a plurality of vertices and slopes, 

each vertex and at least one slope corresponding to one 
of a plurality of membership functions; and 
means for outputling a selected vertex to said fir^t calcu- 
lator and a selected slope to said second calculator. 

26. A circuit according to claim 14, further comprising: 
an interface for converting and storing each of a plurality 

of input data to a binary value in said discourse 
universe and for outputting a selected binary value to 
said calculator as said input 

27. A fuzzy logic processor comprising; 

a memoiy for storing a vertex and at least one slope for 
each of a plurality of membership functions: 

a calculation circuit, receiving inputs, for determining 
values of selected membership functions for said inputs 
based upon a venex and at least one slope stored in said 
memory for each of said selected membership func- 
tions and a corresponding slope type; and 

a processing section for performing fuzzy reasoning based 
upon said values. 

28. A fuzzy logic processor according to claim 27, 
wherein said calculation circuit includes: 

means for receiving a vertex and at least one slope 
corresponding to a selected membership function and 
an input; 

a first calculator for determining a first difference between 
said received vertex and said received input; 

a second calculator for determining a second difference 
based upon said received slope, a slope type, and said 
first difference; 

a third calculator for determining a value of said selected 
membership function based upon said second differ- 
ence and a maximum value. 

29. A fuzzy logic processor according to claim 27. 
wherein said oalculaiion circuit includes a plurality of par- 
allel sub-blocks, each sub-block determining the value of a 
selected membership function for an input. 
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30. A melhod for deiermining the value of a membership 
function for an inpui comprising ihe steps of: 

storing a vertex and at least one slope ofsait] membership 
function; 

determining a first difference between said vertex and said ^ 
input: 

dctcniuning a second difference based upon said a least 
one slope, a slope type, and said first difference; 

determining a value of said selected membership function iq 
based upon said second difference and a maximum 
value. 

31. A method according to claim 30, wherein two slopes 
having different magnitudes arc stored for said membership 
function, and wherein said second determining step includes 15 
the step of seleaing one of said two slopes upon which to 
base said second difference. 

32. A method according to claim 31, wherein said second 
selecting step is based upon said first difference. 
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33. A method according to claim 30, wherein said second 
determining step includes: 

receiving a signal indicative of the slope type; 
determining said second difference in a first manner or a 
second manner based upon said slope type. 

34. A method for fuzzy logic reasoning comprising the 
steps of: 

storing a vertex and at least one slope for each of a 
plurality of membership functions in a memory; 

determining values of selected mcmbcnhip functions for 
inputs based upon said inputs, a vertex and at least one 
slope stored in said memory for each of said selerted 
membership functions and a slope type; and 

perftrming fuzzy reasoning based upon said values. 
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Please amend claim 1 as shown below: 

1 . Circuit for calculation of values of membership functions in a controller 
operating with fuzzy logic procedures, said membership functions being of triangular 
or trapezoidal form and defmed in a so-called discourse universe discrctized in a finite 
number of points and being codified by a coordinate of the vertex and slopes at the 
sides of the vertex, each membership function corresponding to one of a plurality of 
input variables, said circuit comprising: 
a central control unit including: 

a memory section for storing of a vertex and at least one slope of each of said 
membership functions, 

a microprocessor for selecting one of said membership functions based upon one 
of the input variables; and 

an interface for selecting a point of the discourse universe corresponding to the 
selected membership function and a value of the one of the input variables; and 

a calculator for determining the value of the selected membership function at the 
selected point of the discourse universe based upon a vertex and at least one slope for 
the selected membership function stored in said memory section. 
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